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ABS TRACT 


The effects of temperature and oxygen on the development of 
Polymorphus marilis in Gammarus lacustris were studied in the field 
(at Cooking Lake, Alberta) and in the laboratory. 

Cooking Lake is ice covered from late October or early November 
through late April; during most of this period, temperatures are stable 
at 1.0-1.5° C. Following freeze-up, dissolved oxygen levels decline 
rapidly, reaching zero by early January. In spring, temperatures and 
oxygen rise rapidly; the lake is thoroughly mixed by even light winds, 
and is essentially homogeneous with respect to temperature and oxygen. 
Temperatures reach the low twenties in July, then decline in August 
and September. 

During the winter the prevalence of cystacanths is low; in the 
spring, the prevalence rises following the rise in temperature, and 
reaches a peak in June, after which the population is diluted by the 
new, uninfected generation of gammarids. 

In the laboratory, an 80% reduction in the dissolved oxygen con- 
centration of the water had no effect on the development of P. marilis. 
However, temperature was found to be extremely important. The thres- 
hold of development was found to be nena 5 and 10° C. At tempera- 
tures of 5° C or lower the larvae were dormant; this dormancy could 
occur at any stage. Between 10 and 25° C, the logarithm of the speed 
of development was essentially linearly related to temperature. The 
speed of development at fluctuating temperatures, both above the thres- 
hold of development, was equivalent to that at a constant temperature 
of the same mean. When one temperature was below the threshold, all the 
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development occurred at the higher temperature, and at the normal rate. 
When infected gammarids were transferred to 23° C after 28 days at 10° C, 
development of the P. marilis was slower than normal; when transferred 
after 40 days at 10° C, development was faster than normal. These 
differences suggest a diapause condition. 

Polymorphus marilis overwinters as hard-to-observe early stages, 
as indicated by the marked increases in the prevalence of observable 
larvae in overwintering gammarids collected from under the ice at Cook- 
ing Lake when the gammarids were incubated at 15° C or 23° C, but not 
when incubated at 5° C. The dormancy at temperatures of 5° C or less, 
and the diapause phenomenon are considered adaptations to ensure the 


overwintering of P. marilis as early larval stages in G. lacustris. 
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INTRODUCTION 


The acanthocephalan, Polymorphus marilis. Van Cleave, 
1939 (Palaeacanthocephala: Polymorphidae) is an important 
parasite of divins ducks of the genus Aythya and of various 
Species of, srebes in western Canada. It lis abundant in 
Cookine Lake, Alberta, a major study area rfor parasitologists 
at the University of Alberta (Gallimore, eo OA ee CONDO. LD Oe 
Praia. 19003) Denny, 1969 Podesta and Holmes, 19 /0aib).. 
Denny (1969). found that the»amphipod,, Gammarus \lacustris 
Beato Served as the intermediate lost or Py mariilis in 
Cooking Lake. 

Cooking Lake is a Shallow, highly productive eutrophic 
lake, situated about 17 miles east of eet Aube wt ar, 
covering an area of 35.12 km?, Much of the lake is less 
than 6.5 feet deep, the maximum depth being about 10 feet. 
It-"is inhabited by a variety of invertebrates,” birds, and 
mammals. Amphipods, Gammarus lacustris and Hyalella azteca, 
are the dominant larger invertebrates in the lake at all 
Sh asOne mA varlety of aquatica birds includtievscaup, Aythya 
atfinis Eyton, and other waterfowl is common during the spring 
and summer months. Occasionally, muskrats and eee are 
seen swimming in the lake. Kerekes (1965) and Denny (1967) 
have shown that temperatures vary with the season, being very 
low and uniform in winter and considerably higher in summer. 
The shallowness of the lake and the frequent winds make 


summer water temperatures homogeneous throughout the lake. 
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Dissolved oxygen concentration also varies with the -seasons. 
im) summer, rthesdissolved “oxygen concentration «hs high, 
Mertaculerty sduring periods jofvaleal bloom.) During *the 
winter, however, when the lake is completely ice-covered, 
oxygen concentrations dwindle until there is no more 
demons trabile;.oxygen in ctheslake vin March.« At «this »time, iof 
the year, the hydrogen sulphide concentrations are high. 

In Cooking Lake, G. lacustris has an annual life cycle 
(Mennon, 1966; Denny, 1967). The overwintering adult males 
and females are in precopula before spring thaw. During 
and shortly after spring thaw, the males and females moult 
au decop tla te. During copulation, ovulation and fertiliza- 
tion occur (Mennon, 19 Gat The females carry their first 
barood «in May... -The number  ,;of see gsicin each brood varies from 
21-41, depending on the size of the gammarid. According to 
Mennon (1966), the Bia hatch and the one gammarids are 
released in the first week of June after an incubation 
period tof ithree ito ffoun weeks. »seThe water (temperatune jat the 
sane ypertod duningehis +s budy awas sabout l5o kG. After sthe 
Lirstebnood ~rsurvyivine tfemales nay “carry gauseeond brood jin 
July; Mennon (1966), dalthough ‘Denny (1967) did not observe 
a second brood. Mennon reported that the incubation period 
(2 weeks) for the second brood was shorter than that for 
the cfiiust;, the water temperature at.theslater time was about 
22 eG 3 Seer ee the rdunation «of the ae ea naan period is 


influenced by temperature. Clemens sGho 50) efound thaticthe 
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incubation periods,in Gammarus fasciatus, varied. from / days 
Tear enperaturen ot 24a Colon daySeat jay tempe nature -of 
ss a Oo 

The young are therefore recruited into the gammarid 
population yearly fron. did—-Moayeto mid-July selouey 9 row 
Papa dys feved opine secondary sexual characters (calceoli 
on the antennae in the males and rudiments of oostegites in 
the females) after attaining 7-8 mm in length (Denny, 1967). 
The calceoli in males are easily seen in July when the 
males from the first brood have reached 10 mm in length. 

They same. length. is reached by the females in August; at this 
time, the ovaries are visible through the integument as dark 
bandsson each.side_of mid-dorsal line: \,At this stage,;-.they 
are referred to nee rere e oo eeri es adults (Mennon, 1966). 
They overwinter as such. 

Towards the end of the recruitment period (mid-May: to 
mid-July), the population reaches a maximum, withthe young 
Constitutiane s95, of, the total (population. (Denny. Loo7 ). 
AtVer J Usy 3 te population declines steadily. The abundance 
ot VERO canmari ds pOpULaAtIONW nD  theyit al lotsoceomlveapoutwna lt 
ef.the maximum,-abundance .in,July. »The decrease has been 
attributed by Mennon (1966) and Denny (1967) to heavy 
NOrea lity ofsthe vyoune, which, constitute .~907.ofathe, total 
penulation.at.ireezeruptseDurine the wintersithe abundance 
of thexcammarid populationyis further decreased. There is 


heavy mertality, .particulierly)»iu Marca ..when.thegnatural 
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environment is anoxic. A small percentage (about 10%) of 
tne post-reproductive adults survive the winter, thus 
extending their tte ispansito.two,years (Denny, (1967):. 

Dewe lopment. of DP.) Marius in CG. lacustris is similar to 
teat wOor Orne reacanthocephatlangein, amphipods w@denny, 1969). 
Mature @ges released by gravid female worms, or the gravid 
female worms themselves, are passed oeen the faeces into 
the water. Gammarids become infected by ingesting the eggs 
Sseatvered on the mud ‘surface or withethe fematie. The eggs 
Beaten Co release the acanthor which attaches: to the cut wall, 
penetrates through the epithelial cells and lodges fae in- 
Side fae serosa of the cut. 

tHe acauchor €cOwsmLOmasspheri cai pody , bulbeine into wtne 
PeenOCcOoclen Dut aStl WeemcLOsecda DyatQVemnost SCL Osa.6 1hitcg ois 
the early acanthella stage (as defined by Hynes and 
iirevovas., 1957 and shown, in figure sla)... eine acanthe lla” 
Contunues to grow, buleing further into the: haemocoe le, 
Forming arp tadder-like structures staid enclosed) by wthe 
Serosasweloe Serosa av /Chespolnt sob attachment constricts 
and finally pinches off.’ This is ‘the ‘mid-acanthella stage 
of Butterworth (1969) which is now free in the haemocoele. 
Tne ectanthe Pa snethesnsemocoele elongates tosan ellipeleat 
Shape.» lhe glent nucler. at this stage, “are prominent, 
Snheri¢al and well established in the ~ortical syncytium. 
TRE sproposcisa is everted<. this is: the intermediate. ‘acan= 


thella stage, shown in Figure 1b. As growth continues, the 
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Fig. la. Acanthor and early acanthella stages of Polymorphus marilis. 
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Fig. lb. Intermediate acanthella, with enlargements of anterior (lower 
right) and posterior (lower left) ends. Intermediate 
acanthella: (top)’x 100. eAntertor end™(lowerertent) sx 00s 


posterior end (lower left) x 100. 


proboscis becomes ive cecae tive’ giant, naucled areynoe longer 
discernable, and the metasoma now becomes partitioned into 
aNeeCid Ofeanvde posterior reslons. The posterior region 
becomes ‘thicker, the radial muscular layerv of which is now 
Gasily visible. This stage is defined as the advanced 
acanthetlartstage, shown (ingFigure pic. 

With the completion son, the development of the acanthella 
Stages, the parasite diene into the resting and infective 
stage; the cystacanth (Figure ld). No further development 
Creireeuutil the amphipodsis eaten by (thesrightvdetinitive 
host. | 

Development of acanthocephalids in the arthropod inter- 
mediate host is known to be influenced by temperature. 
Temperature is recognized as an unquestionably important 
Fate-controlling factor in the ecological and physiological 
processes of most animals, especially poikilotherms. 
Accounts of the various ways temperature may influence the 
ee ee HE ets and abundance of organisms are 
well documented in Allee et al. (1949) and in Andrewartha 
Bice Boise eli (4.95 4.) 1 

Although there has been growing interests -theyin-— 
fluence of temperature upon the development of various 
parasites. there has been Littie or no detailed work done 
on the effect.of ‘temperature on acanthocephalids. Degiusti 
(1949) found that the development of Leptorhynchoides 


thecatus in Hyalella azteca was greatly retarded at 
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Fig. lc. Advanced acanthella, with enlargements of anterior (lower right) 
and posterior (lower left) ends. The constriction of the meta- 
soma is barely evident in this photograph. Advanced acanthella 


(top) x 85. Anterior end (lower right) x 85; posterior end 
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Fig. ld. Cystacanth of Polymorphus marilis; x 2007 
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temperatures of 13 to 15° C3; after two months post-infection 
the acanthella had grown to a size comparable to acanthellae 
Pagut days OL age at 257 WCU MwAty tenperatures™ of 20" tou 25°", 
gi, bOOKk thirty to” thirty-two days post-infection to.xcveach 
Eve Fintective stage. ©On the® basis of such*@anoratory find= 
ings, Degiusti suggested that L. thecatus overwinters both 
asmdetlacva Within the amphipod’ intermedi ate+-host and” as? an 
Ceo ueec in the water. 

Romanovsky (1964) in conjunction with his studies on 
tue=lafeticycle of Polymorphus* minutusPin® Russias reported 
thet Le’ minutus completed 4ts larvals development ane44edays 
Bimeron 4 =" “and? 25* days, tl 24°? Cy 

Awachie (1966) investigated the effect of temperature 
Om cne= development of Hchinorhyuchus™ Uru tae aneC. pulex 
and= found that at os C (the normal stream temperature in 
Wontes) only spherical and early Varval staves were 
recovered from the ‘shrimps after’ 1367 days.”  %At room tten-— 
perature, these stages were normally reached after 20-24 
aavyce Hee concluded thatthe development OLE." tUrutcac: was 
drastically siowed under lowest winter temperature condi- 
tions: 

Denny (1967) reported a minimal developmental time of 
34 days for P. marilis in Gre lacus Ur ler ac 23° G. Denny 
examined large samples of gammarids collected from under 
the’ iceMat- Cooking Lake and found the acanthor stage of 


Pp. maritlis more prevalent than any of the other larval 
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11 
stages. When samples of gammarids collected from under the 
Tce, Mere. incubated: at .a-.tempemature sof, 22° .C) he’ found, an 
ter ease ~ first. in uthe mumbe ns. of: acantheJ ae... then im the 
numbers. of, cystacanths). 

Olsonrjand. Prati 197 leshound that. development, of 
ee onan chu eerie hs cis the amphipod, Corophium spini- 
corne, held at 11 and 13° C.was. immensely slower than. those 
ioeldeeat e230 C.. whey ioundasthatiarter, 12 days at lito 13°C: 
the parasite was at a stage of development Sateen to 
mecomedays at 23° (CC. After 32 days Oe Sear see at the 
lower temperature, the parasite developed to the acanthella 
similar to enone found Varter > to 6 days at iS tae Gis 

These studies indicate that the development of acantho- 
cephalids is stemmed when the temperature is low, and 
Sugcest) that they may very well overwinter ass@dormant early 
Petvatestages. They Hee indicate “a: rapiauware, ot rdevelop— 
ment with increasing temperature. 

ti cw ogainst siten/ 7a Boe Pero cid that the present study 
was undertaken. The study is an Pe reure to answer the 
following questions: 

1. Does P. marilis overwinter as a dormant early 
Varyvaiestage in Ge lacustris? 

eeLowmdoriancy.. 10) sedi ee ae LeoU Ce Ola Pee rece 
of low temperature, low oxygen tension or a combination of 


both conditions? 
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3. Does increase in temperature result in rapid 
GevceLopment. and) ts there -ardurect,, linear relationship 
Detween temperature and thevspeed of development of P. 
(ioetise ii Ge. Lecust rie 

4. Is the speed of development ae Pin baw ao act Ge 
lacustris at fluctuating temperatures the same as the speed 
of development at a constant a a ee. equal to the mean 


of the fluctuating temperatures? 
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MATERIALS AND METHODS © 


Field Studies 

Two environmental Eaorone (water temperature and dis- 
solved oxygen concentration) were studied quantitatively at 
an area of Cooking Lake known as "Diver Bay". (Figure 2). 

During 1968, water temperatures were recorded weekly 
an the summer and bi-weekiy in the winter at different 
Peeaces Of the study area. | Recordings were made 15 yards 
Orishore in about 12 inches of water and in the open lake; 
gOveyvyards “offshore in about 3 feet of water, using a 
Yellow Springs Instrument tele-thermometer and a standard 
feavoratvory mercury thermometer. “In the -open, bake,” record= 
ings were taken at the surface, and at the bottom. 

In 1969, a Ryan thermograph stationed about 200 yards 
from the shore and about 5 hes beneath the water surface 
provided a continuous record of water temperature from May 
to August. A second thermograph was stationed 15 yards 
from the shore. Water temperatures were also taken periodi- 
SAL y eis in es .ohne tele-thermometer and the laboratory thermo- 
meters used in 1968. 

Dissolved oxygen concentrations were determined in 
fenlicated water samples Caken “at the sameptimes* and at the 
Same sites as the water temperatures. Water samples were 
taken using a Kammerer bottle; analysis of the dissolved 
oxygen was performed using the standard Winkler technique. 


During the winter months, water samples were taken 
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Fig. 2. Map of Cooking Lake, Alberta,showing location of Diver Bay. 
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i) 
after cutting through the ice near the middle of Diver Bay 
with an ice auger. Care wase taken not to disturb the water. 
Water eee ee were recorded immediately afterwards. 

To determine the prevalence of cystacanths in gammarids, 
gammarids were collected weekly in summer and bi-weekly in 
winter in 1969 at the same times and sites as the tempera- 
tures and water samples were taken. While collecting 
gammarids from the open lake, the surface and the bottom 
were considered as one sampling site since the collecting 
technique employed could not adequately separate gammarids 
inthe wsurtace from ithose jin the bottom. dhe technique 
Beqd@ired tiat =the water be stirred vigorously before taking 
wid ae thus making separation of surface from bottom 
Peete impossible. 

In summer, gammarids were collected by a dip net after 
swishing the net back, and forth in the water in a random 
Manner to ensure unbiased sampling. Content Bere collected 
inmewinter by cutting through the tce with ‘awchiselvand spade, 
and again swishing the water back and forth and stirring 
vigorously before scooping up the top layers of the mud with 
a dip net. The gammarids were washed, conveyed to the 
laboratory and placed in aquaria. After stirring the water 
thoroughly, samples of 246 to 368 gammarids were withdrawn, 


examined and the number of cystacanths recovered was recorded. 
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Laboratory Studies 


Maintenance of gammarids in the laboratory. Gammarids 


used in this a were maintained in continuously filtered 
dechlorinated tap water in aerated 10, 15 and 25-gallon 
aquaria with a thin layer of mud on the bottom. Garden soil, 
the source of the mud, was heated to prevent possible 
extraneous infections. 

Vegetation (mainly Lemna trisulca) was included in the 
aguaria as a source of food and cover for the ¢ammarids; 
lettuce provided a good food substitute. Once a week, 


gammarids were fed brewer's yeast. 


Procedure in Infecting Gammarids 

Uninfected gammarids to be used for the infection 
experiments were obtained in two ways. Female gammarids 
Sarpryans embryos in the brood pouches were) collected in 
the field and placed in 20 cm finger bowls in the labora- 
bory—-untit—the young were™released. The adults were dis-— 
carded and the young transferred to stock aquaria. When. 
such laboratory-raised gammarids were unavailable, gammarids 
collected in the field and kept in quarantine aquaria at 
Pore tor at least four weeks swith mo tCraces or natural 
infection were used. Four weeks at 23° C are ample time 
for en early infection (not immediately detectable) to 
develop to a stage which is readily visible through the 


geammarid cuticle. 
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Acanthocephalan eggs to be used for infecting gammarids 
were obtained from gravid female worms taken from naturally- 
inmtected =sicaupi.. ¢ The wonums)wene -teased apart in a LEOD) sOT 
two of water on a glass slide. The eggs released from the 
body cavity were examined under a compound microscope. 
Eggs with mature acanthors (those with a central nuclear 
mass) were washed into finger bowls, about 6 ecm in dia- 
never jibuinging: up itine water slevel, ito »about 1 «mma, About (3.0 
grains of brewer's yeast were added to the finger bowl and 
mixed thoroughly with the eggs. Twenty gammarids were 
allowed to feed on the mixture for a period of one hour, 
after which the gammarids were (removed ep laced Gin «a fine 
mesh net and washed thoroughly under running dechlorinated 
tap water to remove any eggs clinging to their tegument or 
appendages. After washing, the gammarids were placed in 


tesit saquaria. 


Plan wand. Proceaures of the Bienen ee 
The questions this study is attempting to answer were 
investigated in six experiments in.the laboratory. 
Themtirst experiment repeated Denny«.s) CLI67) work, 
Gammarids collected from under the ice at posers Lake were 
brought into the laboratory and were divided into three 
separate lots of 2,800 animals per lot. Tnree hundred 


gammarids from each lot were autopsied immediately to deter- 


mine the prevalence and stage of development of P. marilis. 
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The remaining gammarids from each lot were divided into 
eroups (or S00 Vand transferred to each! of ‘five experimental 
aquaria racnieained a Var. kept at three constant 
tenperatures €5°, 15°, and 25e0'C). Sthitty-five to fifty 
gammarids from each aquarium were examined every 2 weeks to 
determine the pres of development of the parasite. Dis- 
solved oxygen concentrations of the water in the aquaria 
were determined using Burke's (1962) micro-Winkler technique. 

The second experiment was designed to determine the 
PLoOwtn rate of P. marilis under comtrodsled, constant condi- 
tions. One thousand, eight hundred gammarids were infected 
Pietcme lLaporatory and, divided Sinto 46 “ots vot 300 gammarids 
each. One of the lots was placed in an aquarium maintained 
apeeacieat the followine constant ‘temperatures os 5. 0 a, 
ioe Ores 23°" and 25° "CO; an incubators or controlled 
temperature rooms. \“This) experiment gran fore 160-days pain 
the early days of the experiment, 40-50 gammarids were examined 
every 1-00 days: later, When fewer pammarids, were «present, 
only 20-35 eammarids were examined at each time. The con- 
centration of dissolved oxygen in the experimental aquaria 
was determined every other day by Burke's (1962) micro- 
Winkler method. The experiment was replicated five times. 

The third experiment was designed to determine the rate 
of development of P. marilis under fluctuating temperature 
conditions. Two thousand, seven hundred laboratory infected 


gammarids were divided randomly into 9 lots of 300 gammarids 
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Table 1. Dissolved oxygen content in cultures during the development 


of the larval stages at the different constant temperatures. 


Dissolved oxygen in ppm 


Temperature mean range 
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20 
each = The lots’ wereyplaced Yn “aquaria, agstened “the letters 
wee, GD SPE SES GP Wore) Btand incubated in incubators 
or controlled temperature rooms at the constant temperatures: 
wees. 207-23 “and 25° (Ce mete follroy ing “manners = -A-and 9B 
wWerermatirt aine d Pate" Ce '¢ Pad 8) at 915 +S band er ar 23% Cc, 
Gad Hae 2 SVt tC SF hat P20 eGo ? ots SAT eC Sime Es and J etvrere 
used as controls; lots D and H were alternated every 48 
Wowrsssbetween "15° “and: 925° “Gy Yboth :of! which were above the 
threshold temperature of development (D was first incubated 
ate « Wirile “Hiwas £frst Jimcubated “at: 25° -C) &s Bore B tand F 
were “alternated ‘between 5° -and 23° C, 5° °C beting below the 
threshold temperature of development and 23° C above it. 
(Threshold cian Petal ee of development as defined by Peairs 
GLO? 7) "rs *the temperature “above which int#tiral development 
commences or below. "which denatc sinareeeite discontinued,) The 
experimental aquaria were transferred suddenly from one 
tenperature to another, but "some time -e fapsed “before “the 
water in “the “aquaria "cooled down or ‘warned up to the se'cond 
temperature. Analysis of dissolved oxygen “concentration ‘in 
each aquarium was “donevevery other day, “using Burke's (1962) 
micro-Winkler technique. Gammarids (50 or sometimes 20 to 
30 in number) were withdrawn periodically from each aquarium 
and examined. The experiment was repeated four times. 

The fourth experiment was designed to test the effects 
of prolonged incubation at 5° C. Two thousand, four hundred 


laboratory-infected gammarids were divided into 6 experi- 
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mental and 2 control lots averaging 300 gammarids per lot. 
Gontrolslots awexe incubated 20-52 Caand+23% Cdesthi ree gexperi-— 
mentalLitetse(A} Bland CC), tnaintainéd)are23° eG twereverans— 
Henned ito SiieGeafter fthe development ¢ftP. mari biceineathe 
gammarids had reached different acanthella stages, A was 
transferred after the parasite had developed ‘to ‘the ‘early 
scantheltaistagepadaywekd) % B after it attained the inter- 
mediate acanthella Stage Gdaymls))\} Sand eC: atte vr tirteat tatared 
the advanced acanthella saare Cdayin23 )_-agiitne fo thier experi- 
Hentabdlous-€D}skysand@E)., matntaiwedéamas Ch were tunats— 
her wed et 0023." «Chon pdays ie oe amd 23 post-infection . 
Gammarids were periodically withdrawn from experimental and. 
eonterolthots; both ebeforeiand <aftertiransiter 7 hand seoxanimed. 
The dissolved oxygen concentration in the water in each 
aquarium was analyzed by Burke's (1962) micro-Winkler 
hechnique. 4 Thetexperiment) was areépeated .five trdmes « 

The-»sfitfith -expe riment was wdesi gnedttio lobséenve tthe: efifiect 
Grip antl aliedeve lopment: sofer vemarissiisitat eb0r eC on the tsub- 
sequent development at 23° C. Laboratory infected gammarids 
were portioned randomly into 8 lots of 400 gammarids per 
tcus dwolekotsi~tone maintained eat tho"”. C P0rhetotires: tab f2gr Cc, 
were Usee as controls: ©hoft Stive tr etad nim eo ter toh ree 
GA. Bidtand!.Charere maint alinedat 010% tC thor r2sitdays *before 
transfer to 23° C; the others (D, E, and F) were maintained 
ate ak024-G: thor 40: days: bedoreiwinansfer to 23° -C. One. hundred 


gammarids were withdrawn from each experimental lot and 
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22 
examined on days 28 and 40 respectively before transfer. 
Periodically after transfer, 30-50 gammarids (depending on 
tHesnumber still “alive in the aquaria) were withdrawn ‘and 
examined. Gammarids from the control lots were examined at 
the same times. Dissolved oxygen analysis was carried out 
every other day by Burke's (1962) micro-Winkler technique. 

The sixth experiment was designed to determine the 
Sftect of reduced oxygen concentration on the larval deve- 
lopment of ge de © as: Special tanks (Figure 3) were 
designed for this purpose. Water to be used in the tanks 
was made anoxic by passing = stream of purer nitrogen 
Mieco. fOr, an hour or yuntil no’ traces Bnei could 
be detected by the micro-Winkler technique. The water was 
then transferred to six experimental tanks; three tanks were 
aerated with a mixture of 90% N, and 10% 0, and the other 
Mibecewiths 4 mixture Of 9/6 °N> and 329050 sae Lotal for 916.0 
laboratory infected+xgammarids were placed in the tanks at 
each gas regime. The tanks were maintained at 23° C in 
controiled temperature rooms. Routine examination of the 
gammarids Hearty ee out periodically to determine the 
etage “of Pore aniene of the parasites. fhe. concentration 
of dissolved oxygen in the water was determined every other 
day using Bunke’s 61962) micro-Winkler technigue, Water 
in the tanks was replenished when necessary using water 


aerated with the same gas mixture. 
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Sealed aquarium for studying the effects of low oxygen tension. 
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Procedure for the Examination of Gammarids 

The gammarid to be examined was transferred to a drop 
of water on a glass slide under a di ate Sine microscope’ 
Severed: tat? the Wevell fi'the third segment Pron the posterior; 
Dilessc uiteitc let YW bart® mot tthe gut, was dissected loose behind the 
ead; and the head was pulled tently," carryine wire the 
digestive glands and tract freed from the body cuticle. 

The digestive glands and tract were covered with a cover- 
slip sealed with vaseline to prevent drying. The slide was 
transferred to a compound microscope to observe and count 
the early acanthella stages. 

For the observation of the later developmental stages, 
the same method of dissection was adopted. However, in 
Plese cases, the larvae popped out ~into tne tluid on the 
slide as soon as the gammarid was cut open. The number of 
larvae in each stage in each gammarid dissected was counted. 
Form cach sampling period, the data” obtained from-all the 
canmarids examined from each lot were pooled and ‘the per— 
centage of each stage was determined. 

The Tyg (rime “required for 507 of the BES to reach 
a particular developmental stage) was used as the criterion 
of Perea es aa ee The exact T 59 could not be determined, 
since the developmental stages of the larvae could not be 
distinguished without killing the amphipods. Since the 
numbers of infected gammarids, and facilities for keeping 


them, were limited, the number of observations fnar rcould 


equate rete vatoai 
: 
,solasisog 203 veld 


eod3 bairaa sevye ‘cdl i 
ait ak gai an tyraie alee betsy sd 


stat awn ohne ‘ela aie Wa? ane 
‘5 bad ae), 
e¥oo!' o Aste betevas ‘aY¥av oe hee ban 


mi 49 
.? 


LE MLize od? sneer Seerese pax 
uss’ Ane einai ngaeeso 6 ame 

| voaeage otinddinns.’ viral | akg 

Ty fuedsagqeleseh auted of: Sd oelseetende, we3 sot 


re 


a 
,%4 j wet! Ware sa fa ata >sreekb 46 Wazsoe 1 lia * : 


didi ev wiwlS a8: Gendt Sue beqague eave nt ada) ,sotescanl é 
7 

i Suvir :  f 

to ré¢2ane wet L£eye 276 Baw bitcavaeg oda Bs hoor ss 5 

pc 


agv hetouauln bbtenang ises Qh sguce gaae Od vrs. 


Lie ao pandutile afeb sas edn aviignse con 


oft han Seloog etal g0L gor Wiolesss ab 


Dire 


i -padteyesed am egase dae ic 


jpeat @9 ebvysd | ode ‘ 302 +03 bos tvpen eats) a? Tis 
NoOtTOEIS OCF Se eee new '(opase tasaseqolayab ad kaa 
| ,oswlkesvetabd of auaebilwow p77 snungh pnt ery 
od 20% bivay aavyel> aaa te roqean tnsasnqoteue’y 
é 


+ hammer svedaiw 4 
polgsse v0) co) ath Lai | aeees nae: Sut 


oe ute perry 
biwas Yel? sods ia’ - 7 : 


a ae aye 
: = 
1% 


ed: “athe shogbade 


B aaden 


7 f 

ul 
‘ a) oy 
: 7 


Hab 
be made was also limited. The intervals chosen were those 
suggested by the results of preliminary experiments. 
| Because of these difficulties, the T 59 was determined 
by interpolation, assuming a linear relationship between 
time and proportion of larvae reaching the next stage. For 
example, 20.52 of the larvae had reached the intermediate 
acanthella stage on day 35 post-infection and 94.8% on day 
40. — Graphic interpolation gave a Ly sre Cie 50.99 3 da Visi ba 
some cases, the Too had to be extrapolated from two sets 


Ot data above Cor below) 50%. 
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RESULTS 


Field Studies 

The data obtained on water temperatures and dissolved 
oxygen concentrations during 1968 and 1969 are shown in 
Figure 4, Values shown for oxygen concentration and for 
temperatures are the monthly means of measurements made at 
Ene snore Station W15 yards offshore), where the majority 
of the infected gammarids were observed, during visits to 
the lake, 

Both years were BA eA ies by similar patterns in 
the temperatures and dissolved oxyeen concentrations. in 
Wiweer, when the lake was completely 1ce-covered » water 
Pemperatures taken under the tce were fairly uniform. They 
declined from about 4° C at freeze-up to a minimum of less 
ian invJanuary, 1969 then warmed tupes  tebtlyato 
about 1.5° ¢ nla] March, a month before break-up. In the 
Winter of 1969-1970, temperatures had dropped to 1° C in 
January nee observations. ceased. Oxygen concentrations 
Similarly declined Cron 3.0 ppm in November 1968, and 6.6 
ppm in November 1969 to 0.0 ppm by the following January. 
When the dissolved oxygen concentration fell, the H,S 
concentration rose, reaching levels as high as 5.0 ppm 
from March through early April in 1969. 

At break-up in April (when the offshore part of the 
lake was still ice-covered) differences in water temperatures 


were observed between locations. In 1968 the water 
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27 
temperature in topen water, taboute 30. feet offshore wass 8.:5°-'C; 
at the same time, the Cempevatureatunider (the dice .9 laborte 200 
eos totfshone yw wasie2.i0 “aiCwatior 1969.0 xtihes jtemperaturessnt the 
Opetmewia teers 10) feet to ff shor epaast 11s 6° tGrkand <th at fund east the 
ace e100) iy ardspcofishore*,§ was, §15. 5h eC yo (Oxygen? concentnati ons 
exhibited similar differences between Joea tion's: Lny e263, 
the. dissolved oxygen concentration of the open water was 
SeUppm under the? deer, o200 tmamdsivot fich one, eit iwase uly.) ppm 
In 1969 the values for dissolved oxygen concentration were 
SL iovep pm tinscthe gopen water sand pla8 Ippm ainder .the pices 
However, itiose bireak-up iconditions are “short=Dived ,, dasiting 
nti Brom fone “t o two weeks. 

In the summers of 1968 and 1969 the water temperatures 
showed marked seasonal patterns. In 1968, the monthly mean 
temperatures were highest in July -for all locations. Values 
were as high as 20.2° ¢ atvielS cyandsrroieisinen erin eab omty_)2 
inches)Gof twatier s cat. 200 pwards; offistione Valwesi were as; high 
as 20.6° Ciim abiowt:tl 5cinches: fot diwatem gandi tl Si kPeG tneatiowe 
Zerecuaot (water. oe IveAugust, water temperatures began to 
ren At gallo the: )\lecatctons'y veiachine gas) iow Gesind:. 3% Geat 
sy sods iofishone ri nulctober {act 200 yards offshore, tempera- 
prcesidropped todhan? © fin about 15finchesisof faite; tanidjeorl” “C 
ie abouts 3 ifceetinof ewatervin’ Octobetan pAlso iin 109) the 
highest mean monthly temperatures were recorded in July, 
values Meadchinie *as thigh tas o23:.53°7 uC eat G5 ages abishere: 


Values in the open lake were slightly lower in 
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28 
compeartson .to «those close ~toythe sshore.. sAtje200 yards: of f= 
shore recordings were 22.0° C in about 15 inches of ayes and 
Los2enG singabout. 3.feet ofawater (Ficure .5),«seAn limverse 
tmennal stratificat Lon ne noted sin }VOctober tof 41963) ~wihen 
the warmer water being close.to the bottom of the lake. 

Oxygen concentrations did not follow the same pattern 
im «the srespective summers of 1968 and 1969. «in .1968.a 
monthly mean, .of.9..00ppm wasereconded in May, sat..)5.yards sot f-— 
share cin sabout 12 inches sofsewater...» [Theteaften, .~walues) began 
DOmGaailereaching 4a low of 4. O.ppmein October. sali ucomparison, 
mean values in the open lake, at 200 yards offshore varied 
BEOm eo oO 1D pm in May to 5.3 ppm iin Octobe rpin about 15einches 
Piewteet) and 6 6), Dpin 4,0, D.o ep.pM satiate ssane .6ime in sabout 
S3nfeect, of water. Values .in 1969 .were.on the whole higher 
Giatatinos.e, in l968., At. Lo uyarnds .offs home .and spin: about 
Dob aches omer he Were eg aie oxygen concentration varied from 
ieoeppmein, May to L2.7 ppm in Octoberm(Pisure 4). Win» the 
Dpenwwate,. Che Oxygen CONCeDCratLOn sd. cUmol da bernus yearly 
from that close to the shore. At 200 yards offshore and at 
ascepth "ot 15 inches, vVabrues var ed “Eron (FirO ppm in Way “to 
1339 pm An 0ct ober -and “from 10.3) ppm *to-139 “ppm in’ *the 
sane period ‘atta depth sof 3) steets "*At *rimes -of Yalgal bloom , 
the oxygen concentration was very high; a value of 17.0 ppm 
was recorded during an algal bloom in 1969. 
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prevalence of cystacanths from January 1969 to December 1969. 
Figure 6 shows the prevalence of gammarids bearing the 
eyetacanth stage of PB. marilis at the Location 15 yards off- 
Shore. There was an increase in the prevalence of cysta- 
Cantus; the increase followed a pattern Similar to that in 
temperature. The prevalence alee as from late April 
(sen) ceaching ‘a high of. 29237 in the Sirst week of 
Hanes), Arver the first week of June, the prevalence declined. 
Oveerved, values were 25.62 to 247 “at. the endvor) June. o At 
this time, many young gammarids were recruited into the 
gammarid population. The tee eves in the prevalence of 
eceystacanths in the gammarids continued through the fall 
months, reaching a low, with almost constant prevalence from 
Ocrobper-through December. ,similar observations made in the 
open lake revealed the same pattern except that the preva- 


lence was generally lower than that at I5 yards offshore. 


Laboratory Observations 


Natural infections with Peaemariiie: an gammarids collected 


from under the ice. At 23° GM the: prevalence “of ditterenec 
larval stages of P. marilis in gammarids at time zero was 
Minimal (Fdeure 7)., The prevalence of early acantheliac 
increased to 6.3% after two weeks of incubation, then 
dropped to about 1.7% on the fourth week. The intermediate 
acanthellae were also most prevalent at two weeks, then 


dropped to 3.6% on the fourth week and to 0.47 -on the sixth 
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Fig. 4. Seasonal variation in temperature and dissolved oxygen at 


Diver Bay, Cooking Lake, Alberta, 1968-1969. 
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Variation in temperatures at three stations at Diver Bay, 


Cooking Lake, Alberta, from breakup until freezeup, 1969. 
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Fig. 6. Prevalence of cystacanths of Polymorphus marilis in Gammarus 
lacustris in Diver Bay, Cooking Lake, Alberta, 1969. Each 


bar represents one collection. 
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week. The prevalence of advanced acanthellae increased on 
the fourth week to a peak, then dropped progressively on 
the sixth and eighth weeks. As the prevalence of the acan- 
bnella Stages declined, “chat oof fully developed cystacanths 
ieneased. reachine a maximum value of ~1l7./2 on, the ‘ed ehth 
week. 

At 15° C, the intervals between the peak prevalences 
reached by the different developmental stages were longer 
(Figure 7). Sey: instance, the prevalence of the intermediate 
acanthella stage reached a peak on the fourth week as opposed 
to the second week at 23° C. The prevalence of fully deve- 
loped cystacanths did,not reach a peak until the twelfth 
week. 

At 5° C there was no appreciable increase in prevalence 
of gammarids harbouring Fates developmen tal sijaeg es sor ahs 
marilis even after prolonged incubation at this temperature 
GEvcure J). 

Development at Constant Temperatures in Laboratory- 
Infected Gammarids 

The times required for the development of the larval 
Staces Of Pep matritic at different ‘constant temperatures sare 
Lilustrated in Figure 8. 

Ate 27> Co the eanmariassdte DELoOre tre waevelopment oF 
the larval stages can be completed. Twenty-five degrees 
Celsius was the highest temperature at which development 


was successfully completed. As demonstrated in Figure 8, 
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Fig. 


Te 


Prevalence of each larval stage of Polymorphus marilis in 
naturally-infected gammarids collected under the ice, then main- 
tained at a constant temperature in the laboratory. The time 


indicates weeks after collection. Stage 1 = early acanthella, 


Stage 2 = intermediate acanthella, Stage 3 = advanced acanthella, 


and Stage 4 = cystacanth. 
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Kees Tee 


Time of development of Polymorphus marilis in Gammarus lacustris 
maintained at different constant temperatures. Time = time 
taken for 50Z of the larvae to reach the specified stage. 

Stage 1 = early acanthella, Stage 2 = intermediate acanthella, 


Stage 3 = advanced acanthella, and Stage 4 = cystacanth. 
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development was rapid, 50% reaching the cystacanth stage 
(stage 4) in 29.4 days.” Successively lower temperatures 
preduced increases dn™the™ tame or development? *Atr 23°" C 
pUe Eeached the cystacanth stage in’ 34.) 1*dayst#an increase 
Ot approximately 167 hen drop in temperature of just 

Ze7 Ge At 20°*C developmental time inc reaseds toe 40% 26daves 
ane ampecrease of abous- 447 and 29% from those incubated at 
Zo eG and 23 "C respectively. 4 At" 15+] C¥the= time taken to 
reach the cystacanth stage was 80.9 days--more than 3 times 
the ftime required ‘at 25°* Cee Ace 10°* Cothetimpact oOfeitenpera-— 
ture was even greater, the time required (151.7 days) to 
reach 507% or cystacanth stage being "about? five Vimes? that 
peaulred: ate 25" “"C% 

| To determine the relationship between temperature and 
race, ot development, the logarithm of “the reciprocal of the 
tineereduired for 502 ‘of the: larvae to reach amparticular 
stage of development Cee of JesuSikeowarn, de the conven- 
Bion aie way -ot expressing the rate of development) was plotted 
ipaimest temperature. Ther datiasvapproximate, 2st palentieiine 
(plotted in Figure 9 iN the method of least squares). A 
regression analysis of the data showed a highly significant 
linear #regression of rate of development on temperature 
(tao i 3/203 —p.0.001)% although the analysis also revealed 
a sienificant quadratic trendjon temperature (FE =- 244.075 
p-0-001), with ithe linear regression “accounting for 90.67 


pe the variability.  <As.a first. approximation... theretore., tne 
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relationship between log rate of development and temperature 
is here considered linear. 

The developmental times and rates of development of the 
other stages at the different constant temperatures show 
Patterns similar to that of ¢the ‘cystacanth stage (Figure 9). 
in all cases, poe taneer ree ression of Loge rate .of develop-— 
ment on temperature was highly significant aud accounted ior 
DOnaeors more, of the vardabiiity in the data, 

An added effect of development af low temperature was 
Bumiacrease inwsize .(volumée) “of the cysetacantns uClable-2).. 
Cystacanths recovered from infection at low temperature 
Go veandeL5 > C). were larger ethan, tirose “ats: Uscmandmros Cr 
although cystacanths recovered from infections at 25° C were 


Becatticantly larger ethan) those sate20-. and )235)8.C. 


Development at Fluctuating Temperatures 


The acanthocephalan larvae that developed in alternate 
Le=houreperiods at 15° Ceand at 25° ‘Cjeishowedga pattern 
Simi lary .tovthat of larvae “kept! at a constant. temperature 
paved tomtheumean. 20° C0 (Clebles 3) 
| When the temperature were alternated between 5° C and 
234-0, developmental times? corresponded Costnie  lengt i cor 
time spent at 23° C (Table 4), “suggesting: that all the 
development occurred at 23° C and that, as in previous con-~ 
trols, no development occurred at 5° C. 

When infected gammarids were transferred to 23° C after 


70-23 days at 5° .¢, the lavyalastages, of sPotmarriis resumed 
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jgalsa meee 


Log of speed of development versus temperature for each stage 
of development of Polymorphus marilis in Gammarus lacustris. 


Stage 1 = early acanthélla, Stage 2 = intermediate acanthella, 


Stage 3 = advanced acanthella, and Stage 4 = cystacanth. 
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Table 2. Effect of temperature on size (volume) of cystacanths. 


Temperature (° C) 10 ES 20 23 ES 
Mean volume (mm%)* 1.27 eles 0295 0.92 1.03 


Range of volumes 1.00-1.48 0.96-1.55 0.72-1.13 0.76-1.07 0.87-1.51 


“Measurements of 30 of the cystacanths recovered from cultures at 
each of the constant temperatures were taken. 
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Table 3. Effect of alternating temperatures on the duration of the 


stages of development. 


i (Days of Incubation) at temperature of 


50 
Stage i PLEA eA a 
20 157-25 DE is 
iT 14.4 14.0 (WAS 
2 29.40 90.3 20.9 
3 29.9 30.0 cWhe 
4 Lg) 42.5 44 0 


a : 
Temperature of first exposure. 
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Table 4. Effect of alternating temperatures (one of which is below the 
threshold of development) on the duration of the stages of 


development. 


Rime: ates ie Oe 


Total number Days to 50% Constant 
of days at of stage at Days at temperature 
Stage PX Peels es € pegs eis & 5a CIA TS) 
nf 2150) 10 10-0 | 10.0 
2 SERS) Le SS) 16.0 Lows 
3 44.5 eke 22/20 Zeal 


4 68.8 3438 34.0 34.1 
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and continued development at the normal rate (Table 5a). 
Fitty per fcenthot the G@arvae reached! the cystacanth stage 
arter 34.1 days at 23°, Cy the Same time as >in the control 
gammarids incubated at the Coustant temperature of 23°C. 
ptages Of P. maridiss thae were incubated@at 23P GC until the 
early acanthella, intermediate or advanced acanthella were 
reached, then transferred to 5° C for as. lone as™210* days 


evasnot develop further (lable 5b) 


Effects Oiphartial Development, atz L0r 1c 

The development of larval acanthocephalans in gammarids 
ayeapated Mt"10° C8for 28 or 40 days. thenwtranusterred sto 
23.80, wass markedly different from their development at the 
Gonero!l temperature of% 23° "Cx? *SAs; observedt earlier it itook 
151.7 days at 10° and 34.1 days at 23° to reach 50% of the 
eyotacanthy stage. !' Therefore, development for one day ‘at 
LOy 3G “would be tequal ne the development POG 0.22 of a day 
ati.23° €C. Consequently, *ltawas expected, that fcuwlcuresstrans— 
ferved Srom 10% C to.23° (C after 28 days wouldthave completed 
the equivalent of Aes ata 4, 4nd Would require ean addi 
tional 27.9 days to reach the 502) cystacanth Ten: Simi- 
larly. development in cultures transferred from 10° Cuto 
23° 0G arter 40 days would have completed, Che equivalent of 
Soma at 23%, and would require an additional 25.3 days 
at. .26° CG. PActually. 2 teek 47-7) tayvs rar those wtrans serred 
from 10° Cito 23°.,C Bites 26 days, approrinarcely 7L4emare 


time than expected, and 18.2 days for those transferred 


sgate feenbatenk: 

ias Sane ada a on 
oy nm} a 

; 4 ‘ 7% la aq vie gaee ‘Fee venes aaj oie 5 


: a 
st9 Lisar 9 “G5 1% eé7edgau) wre. atalal Se 2388 ha 


joe whlelizages SatORVia *6 Shasta jaltee 4 
, abate -_ 
| en oaoei es a7 5 "4% .63 bore) au) dat wa2 <1 ‘ 
ete 
f@&@ saidet) nats Bota te 22 7 


of lersvettit¥e: es5e805 


Pos : wy LPC 
Ep i ie oe Auth, uur TJHne e levzat 76 i womge Lave. 
beyastennes £eds ,hieb 04 rergs 258 ] “OL oF hes 


ie Saseigqutlaves siaed3 wert 29868791725 econ kal ‘ 


Gi ¢ 3 is . ¥ pay tae in R.A e » ae 2 b s wu new owus-girda 
4 ay isaay ‘$ a6 wrat DS. 62 GomcreeE Se aged” 
T _ 7 
: : i ; + on 
Bt a Le ange. yeh .p , eS aaT + agare dined in 
IF 
oe fs ye Sa.) wel (eq Leveb ond oO 7 Laue od bivow aon 


- 
oe, 
~ 
ad 
“ 
» 
= 


: .¥iacevsauenQ «642 


beselapes @evad Oloww wenh BF ve2}30 9 "ES. 03 °9 “OL mézt, 


~ Pie é ee hype 9, oOCw PTF » £s IG 2yeah oe v ie snacaviay a 


" 


30d? fuve) dse@eaneszeyo TOt sd daepe' 2 ‘ayeh @. 18 
os 3 “OL aox’ bettelatess sexo ilus at inowgol eee 

to soolevieps of9 Setisigweo svad bleee evah Of save i. 
oye4u C.8S benostkbOn ee Gainpez tleaw bes ea 2 te. 

Seraslensts siovs vo? eyeh 1,54 dood af ti tsuaak 

syom & ff ylommteosqge fed if gette 0 “ES ssf 
besrarenest nevds son eeeb-m.Bd bam , bisabgae al 

f a | 


2 i a 
I 
1 


wer ij yuh, n 
ys Agu ies ae 
7 -_ : [ iu : _ . i 
A os - 7 | . 


43 


queudoTeAep ou OTZ OTZ € Lae 
queudoTeAep ou O12 OT? c . eee il 
queudoTerAsep ou OT? OT? 3 OT 
(e889S JO 70C) (skep) (skep) (e3eIs JO 4%0G) (sfep) 
a3eis CZ 02 (9 ,¢) eanjzerzedus3 ase is ere 
Jaeysueizq rz3sqye TorquoD 3e OWT] Zoysueizq s10FoqQ 
oO 9G 72 OWT J p60 72 SUL 


9 ,G°93 0 ,f¢ W0zJ Peateysuez, seingj—ngn °q 


iv NARS da A queudoTeAep ou tc 
Z 8°9T | 8° OT queudoTaAep ou 8T 
ne ; OT OT JuouwdoTeAep ou OT 
(aseis JO 40S) (sfep) (skep) (a8e 3s Jo %0G) (skep) 
a3e1s a Tei ot (ope te § (D9 ,€7) eanzerzodwe - a3eis ee a cee 
doysueiz} 2035e Tor}UOD We OTL AJaysuerzq s10joq 
D oeG +6 OUTL OD 95 +5 SEL 


a 


0 CZ. 07m) BG Wor; port gsuest2 seanzqn9 -e 


a 


*aanqjerioduaq suo ye uotzeqnouT Jo potised e 


Zeqje Jayzoue 07 sanqerzadwe} sUO WOAF peATeysuelq Vie sdinj[Nd uayM quoudoToeAep uo sjIeFJo oyL “¢ I9TIFL 


He 


i ae ee —— , 


ost § hie pn ee ‘a ied ix 


a 


7 7 i a 
Teter 3 seit .. 


44 


toon 10 Cr to 28 "CC afterse0 days, approximately 2/7%° lesa 
time than was expected (Table 6). The same pattern of 
development, prevailed for each of the acanthella. stages. 

The elapsed time between stages was roughly two-thirds that 
ror-those’ in gammarids Madvcatined atu23) (Gsthrourhout. their 
development and roughly one-third that for those in gammarids 
imewbated at LO -G@, for 28 «days (Table, 6). wlhe ures ts 


suggest a phenomenon more complicated than dormancy. 


Development at Reduced Oxygen Concentration 

The larval stages of P. marilis were “found to develop 
mormally at dissolved oxygen concentration of 174) ppm. and 
4.0 ppm. The time of development for each stage was conm- 
Marable. to.that at the controleconditions (234 "G ands /.3) ppm 
e@xyeen- concentration (Table, 7)... It was impossible to test 
development in a completely anoxic environment in the 
iaboratory, since gammarids died™“in™12-24 "hours, depending 


on temperature, in completely anoxic conditions. 
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Table 6. Effect on development at 23° € after itrensfer from 10° C 


at various incubation times. 
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Time in days to 50% of stage Time in days to 50% of stage 


at control temperature after transter tov23- °C 
a 


Stage 1 deel 23 A 


1 42.0 P1000 28+10.0 
2 103.3 16.8(68s) ale ae OD 
3 i ipneak IT, Ne 28+29.3(11.6) 


4 disp leer) 34101350) 25447 .7(18<4) 


“98 days at 10° C + stated days at 23° C. 


nO days at 10° C + stated days at 23° C. 


“Values in parenthesis are times elapsed from last stage. 


40+11.1(4.0) 


40418.2( 724) 
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Table 7. Effect on development at reduced oxygen concentration in 


Zee Ge 


Oxygen content Time (days) to 50% of developmental stage 
Culture (ppm) ak 2 3 4 
A (control) Ypes 10 16.8 20 yt Aa 
B 4.0 10 16.8 Zen Pan Saal 


C E4 10 1625 Aa heae 34.1 
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DISCUSSION 


The results of the present study indicate that tempera- 
Lurejjis aneimportant environmental factor anflmencing the 
development of the larval Sanne COLNE Marlins nme e haACUSErLS. 
but that variations in the dissolved oxygen concentration 
have no effect on their development. 

Polymorphus marilis can successfully complete its deve- 
lopment in gammarids through a fairly wide range of tempera- 
tures. The threshold temperature of development is above 
Se Cat which no development. takes=place), but below.10° “Cc. 
Normal development occurs at temperatures as high as 25° C, 
just below the Ehernal Lethal temperatures Loryrner.ocal Sone 
Pations of G. lacustris) 7 9 Withing this) favorable temperature 
range, the logarithm of the speed of development is essentially 
linearly related to temperature. 

No previous study has attempted to determine the thres- 
hold of development for an acanthocephalan, but: several 
studies have reported times required by various palaeacantho- 
cephalans to complete their morphological development at 
various temperatures. When these times are converted to speed 
of development and the logarithms plotted against temperature, 


the points tall close sto themline caleulLated fromwmyedcaea on 


Pi mnariivs. CPieure o Lo). All Out one fell wrehin two standard 
errors of the line calculated for ie marilis. The exception 


was one of two values determined by Romanovsky (1964). 
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Fig. 10. Log of speed of development versus temperature for the cysta- 
canths of various Palaeacanthocephala, compared with that for 
Polymorphus marilis. Solid dots show values for P. marilis, 
the lines show the regression calculated for those values 
(middle line) + two standard errors (outer lines). Open 
circles iA enee values calculated for other Palaeacantho- 
cephala from data in the following papers: 


1. Leptorhynchoides thecatus in Hyalella azteca (Degiusti, 
1949) 


2. Polymorphus minutus in Gammarus pulex (Butterworth, 1969) 


3. Echinorhynchus truttae in Gammarus pulex (Awachie, 1966) 


tee Echinorhynchus lageniformis in Corophium spinicorne 
(Olson and Pratt, 1971) 


5. Coryonosoma constrictum in Gammarus lacustris (Podesta 
and Holmes, 1970a) 


6. Polymorphus contortus in Gammarus lacustris (Podesta and 
Holmes, 1970a) 


7. Polymorphus contortus in Hyalella azteca (Podesta and 
Holmes, 1970a) ; 


8. Polymorphus trochus in Gammarus lacustris (Podesta and 
Holmes, 1970a) : 


9. Polymorphis marilis in Gammarus lacustris (Denny, 1967) 


10. Polymorphus minutus in Gammarus pulex (Hynes and Nicholas, 
1957) 


11. Polymorphus minutus (Romanovsky, 1964) 


12. Polymorphus minutus (Romanovsky, 1964) 
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Romanovsky's (1964) value of 44 days at 16.4° C was consider- 
aptly more than two standard error above the line, although 

lnese Viale Of “25 days at! 24-Cr fell within that ranges “These 
results suggest that palaeacanthocephalans appear to show 
similar relationships between speed of development and tempera- 
ie ag 

Although most laboratory studies dealing with the rela- 
tionship between temperature and speed of development are 
conducted at constant temperatures, temperatures under natural 
eondataons Tluctuate diurnally and ‘seasonally. ‘‘Consequentily, 
in this study an attempt has been made to observe the develop- 
MemlerOie tremiariel is at £luctuating temperatures, 

Anacewartha and Birch G95 416 2o0mhaverpoint ead lout? chat 
the ‘wate*sof ‘development with short-term fluctuations) in 
temperatures within the favorable range may safely be con- 
Buaenedasto bemthe equivalent of thes ratemateavcons tant fven- 
perature of the same mean. My results with temperatures 
Miternatinge between 15°° and '25°8C agree with this seneraliza- 
tion. 

When the fluctuations involve itemperatiures* outside’ the 
favorable range (below the threshold of development) the 
situation is more complex. When the gammarids were incubated 
alternately at’ 5° “and ‘23° CC’, the’ ‘time ~*of "deve lopment’ was 
Shorter than! that. at® the’control, temperature "C15" 'C ,sconpare 
Table? 3 "and' Figure 7) butVequiivatent: 'tolithe tt imes'spent® at 


23Pe10).e Cth of the: devediopmentMmust heve Joc curred? gta 2acatcs 


ae 


a ‘ et 


fewoatad es ‘eent on’ ee 

want? aL ates 
wete of sasqab . " “ 

~subyeed fa; snide 34 Bias vont 


-aies 407 CUM), ahOieSD Bacayas uto sh rede? vob 
Te 36 HAULER pit) baoge bie ochnsgase wnat 


Feu, i6n, TEU fI4aV she os ivr he 


ive wile aeebede #4 Shoe Oe “a vailaete re yhunam. eo 


atirintgaG eG’ “sh  dkeeota th ship te ! 


bz, ei bw " P im wen Chatty J264) dsetre. Gee co 2 Th 


is; wie thiigoed 7 es ; jon’ alee . wviegn evel “la ames oa 
Pr 


neo: aad whan bean 8009 uh cindeat et: otto iwe avurd Set 
7 
“(a7 2oesefini » 28 @¢ns ona 80 siete loge) ae ae ease 


raruse oes ‘| Sie so huees et ‘.3phe@ ofan OT Te = 


tines ay etil¢ Wiiv aawau 9 "th bee itd eee guisaa er 
iu a ee’ 
| | ik aoe 


. r -_ pari io a 
‘ a P . a. a 
ln thPedtu espalmaitet e¢iy yt -wHed salIewt® eilZ. agav 
colt (tebuyodsvel Te Utewdeovas one eated) see 
7 P 7 
och reas iu obi a bisa me San ait 8 .2alqgus, ome wk 


ee%y iindijalaia® Pair ‘ony ane ‘Ch dee *S) eee * a oes 


® ® 
\ 


s:newop ,0 2h) 20a ae iesines: tite deceele sed “a 
1s spaqe 9aly> anerem alien tens aud-,_ tf oxw att bne'® 

7 

J *C5 da bereesop ae eer oeee toed’ — to, SEA 


fe oy : 


i j 
OO ar Caan _ any 7 


50 

Steet eamorewtiane Coup legthat vat 15 ..C. .ithis slack Jor 
deve ooment. Ate soe <C Hee been attributed to cone A 
similar situation was observed when cultures were trans- 
tetted t£0m 23) 3Gato 5... Clatteneupartial pdevellopment ne PG Be 
suggesting that anyesoL (themacanthe lla staces of 2 marilis ican 
enter into a state of dormancy when the environmental tem- 
perature is unfavorable. 

Furthermore, experiments in which the development of 
Meio Gilis owas LOllowed itnanetunally—-intected seanmarids 
collected from under the ice in winter (Denny .61916\ es mye ties t 
experiment) showed that dormant early stages were present in 
overwintering gammarids. | 

Although dormancy has received considerable attention 
and the subject has been treated in detail by Lees (1955), 
Uhere: is -little known about this pe menion in acantho- 
cephatlans. _ There are two, main stypes. of dormancyl. she wimpler 
is termed quiescence and is characterized by _ cessatLonsof 
Bctivity duwrinog.exposune stoountayorables condi tions. viThis ots 
simply .an immediate and direct response to an unfavorable 
Puy COnnent lies dotmancve clowns Dy ibe emarislis ato Coat 
tne Laboratory or cunder Uthe acelin nature vise ot et lis. tyne. 

There is another more complex physiological dormant 
condition, very prevalent in insects, known as diapause. The 
onset of diapause, in some cases, may occur well in advance 
of drastic environmental conditions. radades CCcuUrHing 
irrespective .of environmental conditions 1s, termed: obligatory 


diapause. Diapause in which the onset is controlled by 
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environmental "signals" such Was tteuperatures: lengeh of day, 
Oo” Yeate Tof Schiange) toi sday, si sivtermed yf acult atiive cditiapause J 

It is suggested that facultative diapause was observed 
ivetve Ipresent ts tardy: jin -ther experiment: ain whiich inflected 
Sannmarids were vaveubated “for various times’ at 10° Cl then 
were returned *to 023 0C F wwesretardation. im cree ita oteert in 
tarvecs *transitierred iter §23itdays iis attributed tio tthe: Linger— 
ing effect of an incomplete facultative diapause. Retarda- 
tion in development of thisi*tkind has "been ‘demonstrated “in 
insects when the diapause has not been med Seria (Lees, 1955). 
How Veltose Serans ferred ait em 340 odiayist: capo ae was accele- 
rated, suggesting that the diapause had been completed by 
that time and that development was not impeded by its effects. 
Acceleration of this type has also been shown in copepods 
Ch iemonrk? 19:59). This pattern folteventtswwith ta majiomnidi tier 
eu@cern Sthe tefife cts tof hinrcubadtiionsavene Vand a0" (C fisitin 
agreement with Andrewartha and Birch's(1954) suggestion that the 
onset of diapause influenced by temperature occurs only 
at appropriate temperature and that diapause termination and 
the resumption of mormal and even «accelerated «growth depends 
omttive tien stitofieincubation at ethe Sappropriatearenperat ure. 
Further observations on the phenomenon of dormancy in P. 
marilis are necessary to obtain enough information to draw 
datinite ¢concklusiionus ywmtthe physiology of diapause-like 
dormancy may be aigeda place itowstant: 


Field surveys and the results obtained in the laboratory 
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2 
eUesestethatsthe 2itée “cycle voLeePey nari tasmin= nature is 
bivoltine and operates an synchrony with the seasons. Graham 
(2966) “found that there are’two peaks of "infections ofl adult 
worms in lesser scaups--the first in early July and the second 
in about mid-August. | 

SGaups*irom their wintering *sround arrivetat the@ lake 
in late spring and stay around the lakes for a period, of 
about six months. In late May and early June the scaups 
become infected with the increasing number of cystacanths 
which have developed fromethe dormant overwintering early 
larval stages. By July, embryonated eggs or gravid female 
worms are passed out and infect more gammarids. The tempera- 
ture’of the Lake being high “at this times -development ofthe 
larval acanthocephalans proceeds rapidly and cystacanths are 
HVvVerlLabte to infect seaupsP@in®early AUsustsresy the*end? of 
August “or-ecarly ‘September;"“young”™gatimarids are” infected. from 
eggs passed by gravid adult female worms. Development of 
tniestarvalacanthocephalans) intsanmaridss iniecleduin ther fait 
when the temperatures begin to drop considerably is slow; by 
the onset of winter development has rarely proceeded peer 
the early acanthel la stage. this becomes dormant when the 
temperature drops below the threshold of development. 

Denny (1967) found a marked decrease in the prevalence 
Oflcystacanths in eganmarids over winter, and suggested that 
gammarids infected with the “large larval parasites suffered 


Selective mortality... Therefore, it would be..to, the parasite‘s 
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3h 
advantage not to develop to the cystacanth stage by the onset 
OFewinter 

Assuming that the diapause is a facultative phenomenon, 
responding to temperatures around 10° C (or possibly to the 
declining temperature characteristic of Cooking Lake in late 
August and Sep taben, the retardation in development after 
a relatively short period of diapause and subsequent return 
to more favorable temperatures would be an adaptation to 
guard against reaching the cystacanth stage during short-— 
ftivedeclndivan <Summer conditions.) Suche conmeutronsc occur, in 
pene Alberta. 

Although the possibility of accelerated development in 
the spring was not investigated, the accelerated Heweniic amet 
riollowins a long-period *of YVdtapause “suggests that “such an 
acceleration may occur "Under spring conditions. Further 


study of this phenomenon ts definitely indicated. 
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